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Abstract 



PURPOSE: To markedly improve a high-speed operating property and long term reliability by making a 
lattice constant of an emitter layer different from a lattice constant of a base layer by an amount within a 
particular range. 

CONSTITUTION: In a hetero-junction bipolar transistor HBT comprising a structure in which a first 
conductivity type collector layer 23, a second conductivity type base layer 24, and a first conductivity type 
emitter layer 25, consisting of a semiconductor layer having a forbidden band width larger than that of the 
second conductivity type base layer 24, are laminated successively, the lattice constant of the emitter layer 
24 is made different from the lattice constant of the base layer 24 by an amount within a range of 0.1-1%. 
Therefore, In composition in Inx Gnl-x P can improve the long term reliability as to energization by 
selecting it so that lattice matching with the base layer is not achieved. Also, because the In composition x 
can be selected so that it has a value deviated from the lattice matching value, the degree of design 
freedom for InGaP/GaAs HBT is increased. 
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(57) [iSl^j] 

[BWl /s^ng^/WsK-^h^^S;^* (HB 

I nGa P/GaAs^5t(3[)HBTlCfeV^TI 
nx Gai-x P3i5»yitSor)I n<OfflRax«:, I G 
ai-x PtDl&^-^EWn nGaAs/<-XS&SV^ttG 
a A s /<- :;^®(Dfe^^ J: »J to-TAHC/J^S 
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«L<mt.. Wi^-:^m<rM^^<JMiLii\ 0. i~i 
%®«gHT?SV >tcj|«;S Z. Sr^at-r* H B T. 

1IB«©HBT. 

lfBK©HBT, 

a A s JC J: y fiteltStU tifiBX^ y I n G a PT? 

«ifi!tsnT V ^s i t sr^aii-rsit^^B 1 ~ 3 ©vN-rn 

*HC|B(£©HBTo 

i:«:««i:-rsi»*®4ia«©HBT. 20 

[000 1] 

»JS»ffllcfi, HBT®gflMMfc-affi«H4fb-ii5S^b- 

[0002] 

F.E T%k t's;*;!/ I Cfi\i.^<nmidmff'±i& < tti> 

*>:^gmtt|SEiW«eGaAsMESFETfCJt/^ 1 

o~2 0'fl|=b:^gi^. Ufc*<oT, 3.®®jMB8iBAa) 

t>i:o®Mi6:^i:«:oTv^€)i:v^A«>. ■T'&totK HB* 

Eg = 2. 854-1. 720x 
t^SnS (fei:;tJ*C. p. Kuo et al., J. Appl. P 
hys. 57 (1985) 5428 K&^g) tStlSA^ I G 
ai-x Px5<y^»StJSafiKx = 0. 4 8»CfeVvT«)*G 
a A s /<-:;^SfC<fr?«^'rs. Lfe*^oT I nx G a 
1-x P/GaAs*<3[)HBT®|iltf-®aftffitt4tJg®Jffl 
fiRxtC|5a£3*VSfctt>®«>T/jN3V^%<DT«>ofe, -e-L 
T3.0D©^, X$«yi5f I nx Gai-x PS(De»^i:» 
/<-^GaAsSO!>e»^il«)/^>K^FiSKti*&0. 2 
eV%<#i9£-r« (feil^tarr. H. leeet. al., Appl. P 
hys. Utt. 60 (1992) 474KS:^^ . Z.<J>t^iix 50 
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(1) ffl2ii>4fi?^:y>(.gm*^v>z.i:, 

(2) USvMiiA^^-yCOD-'O K¥-v 

(3) ®ilES!PAW->(.0D5j<-5^>i/-v;WC<tS®T% FE 

(4) A*/ffl*4»IA^Mv>fc«), minytfi;9y7.f)^ 

(5) ^?«M0l^*vj>;a:v%fc«) 1 / f y >f X*M>$ 

[0 0 0 3] iJifT**. 3^*T?r®HBT«SgT%) 
•D^:t)^l/TV^Sa)^i, AIx Gai_x Asi:GaA 

GaAs^m^HiJHflfc&^iiBli&f^lCji 
UTV^Sf^il, GaAsfcAlx Gai-x As-rii^S^- 

[0004] 

[«W*^«S»LJ:e)i:-rSlSfflQ LA^U AlxGa 
1-x As«:X* >y^ftmi:L-rffiV>fc*i^, AlxGa 

1-x Asfpiz^-ti>DX-kyit-i)mmt.fj^*). 
««&^bS:i)BiLTL*-iraH*^*)S. :^8fi«H4«:#^ 
Al&^*«5lvtmAWnT^3y, jfiC^ I 
nx Gai-x P?:X^ 'V^:^iiLTfflVNfcHBTA^ 
mx-IS^Snxv^S. DXIri/^i-A^-Br 
«BS!lg^jia&5>VjNSv\ *fc/t:/K©iBSb8«HB 

[0005] LA^U Alx Gai_x As/GaAs^ 
Alx Gai-x A s tG a A s ^*ffrf«^LTV^ 
^9^x;^;i/:^?->p5giRrtii€:gefbS-eSfc«> 
fCti, Al®»B^x?:a!;^TAlx Gai-x AsO^^J 
^SrgCAtVli^A^ofe. tZ.if)\ InGaPJfttD® 
I nx Gai-x Pi:GaAslifeSi|iafiRItG)*T*& 

Inx Gai-x POMIHSiB^ttl nOjffl^&xiiOT 
+ 0. 604 3x2 (1) 

[0 0 0 6] iC!)i|ifiRxlCj3V^TJi, X^^y^TA^ 

e>'<-^'v®m^^!DiiAx*;b:^f-®fa^>e>-t*iJS. 
0. 2ev^:v^^A>K^igi|^<Dfii^i/^^<. Lfc*^o 
T^x*;u:^-JM^-n,t»:*:S<«i:V%A^. 

::®fe«>tJaW)I nGaP/GaAs*©HB 



(3) 8-241896 

3 4 

m^<Dx«*);^ • 3l/i'4rj£t5^Tec«:ffl''^T [00 1 Ij *»W®fla<OB«lttI nx Gai-x P/G 

fT=l/2jrTec (2) aAs^T-ag5#, feSV^il nxGai-x P/I nO 

Tec=Te+Tb+Tx+Tc (3) X. m&o>9M[HX 3 6lcg^#®cox:^;i/^ii-:^;i!li^ 

■eJfcS. iiT. Te ttx^'y^r^ism^ra. rb tt'^- mSCfb. t3&*>t»:^S<i-Si4:*»/hS<-rs:ii:%» 

>^3fet7m Tx ti3Ui^4fSS»5tt?^ Tc »n BllB«;l8tt®eftS©:*:S«sHBT€:fi«-r«ifc-e«) 

bf^f^m^-Cfe^). ^ (2) . j3J:r^ (3) J:y 10 

HBTfl[>j||Wi^aaSCf T ^Otz.MZ\t, ^-:X3feff^ [0 0 121 

^^3!)it\x*;v^-S::^S<-r«cii:*^S&«ft;-e&S3. fc, *l8^04t®ttSl jsitrasfcs^f J:e)(c, ^l 

tift>i)^?>, ■ez:T% x^^y^r • /<-y^.|St®ic33t-t€>e i9«S©nl/i^^M2 3 i:, ^2^?^a)/<-;^® 2 4 

m^<D:iiit>)l^-:^Tm^iz^<Lt=.\>^i)\ I nx G a t, '<-7.S2 4 J: *}^^mmEg (Oi^^\,^^»m 

1-x P/G a A s 'V-7^Dg?&®«^l*(ft^«^U«;< Jifc *^e>«;Sll 1 l»^(OX « «y ^jf 2 5, 4 5 tim&m 

oTb*•^>©7^•eS5&V^fc«)^^&^W)I nGaP/GaA «$nfc^5::a«i-rSHBTT-&oT> x$«v^fM2 

sJS^HBTti89tf-®SaSX>VjNS<, fiEM)m^;(>^Bi£ 4, 4 5<0*S^3eR*^, '<-7.®2 4®t&-?-^lC*f 

T'feSi:v^e)raffi*^^>ofc. U 0. l~l%®«gaT'^;a:SZ:i:T'&S, 

[0007] SejtCtJaW!)! nGaP/GaAs*HB 20 [0013] 0. l~l%<Z)«gffl-eil^S*&^tt2ay 

Ltzmmmmu z:n*^x5«y^isic*-e<E(as:S:{f ^-;^®2 4®i&?-^icjtLT/jN$v% 

U ^ODjg*. SiK^«a!fS*^U ®iE5ti<ii!|5«XST ^3J:t;, (2) S5lC^-rJ:e)lC, x^«y^®45 

S:§ISiSi-rfett), ^«fi«SffcW!iaESnTv^*v%i:v% CDlfrf^aS*^, /<-:xS2 4<Z)<&?®fiS[»cifcLT:^Sv^ 

•5iaffl*«&ofc. fcfcjt«t^3tW>I nGaP/GaAs ^T-«>S. V>-f*l<Z)^i^tCfeVNT%, »*L<tt3l/ 

JftHBTtcmsnl/'^'^'SaStBSJc =5X1 04 A ^iS2 3 ^J:tJf'<-:xS2 4 tiG a A s fC<k 

/cmZ, g&^iaS2 0 0TClCfettS¥i^«3«aiiliMTT *U X$«y4r®2 5, 4 5*U nG a PT'«^S*ITVn 

F (Mean Time to Failure) li. Sii:"^*)*. Se>»C, »*b<ti'<-^»2 4lCI n 

9mVmi.0%(&T^imt.»fj:ti^^oS hgST? ««^*SnTV^S3:^:, ^*U/<-:7.S2 4ttInGa 

feofe. 30 AsX'im.^nXV^^Zt.Xib^. 

[0 0 0 8] Ri:(3DJ:e>tC, [0 0 14] 

tbiismvmiiL &immK»ti, titntf^-oyt^-b^j li^m} *9Bm<DmLvijitni. x^^y^soinGa 

h«E(0/h3VM nGa P/GaAs3RHBT, fe«V^ P»®|&^^*W-::^MG)G a A sM^V^^i I nG a 

ttm^'=<OitAx*;i/df-CD:^#VM nG a P/G a A s A sS(D|&^^*^e>'>L/i'tlfeffitC;feS J:e)lC, I n 

*HBTtdu *^^C^§e>*^TV^«;^^. ilG a<^>i^!afiSUtS:^i^Si^TV^S, Si*, ^-T^Mtl^G 

[0 0 0 9] ±ia®;*«:«B*«;S*ife=fe® aAs»cJ:y«l«sn"rv^S«^»covxTI«Bg-rs. 

x\ ^cimifmt.-smiim^miff3K.m±^^. inGaPx^^y^r^fctj-r^^jfeM^^r^^A-r 

x*^y^tS(DI n<Z)aiafiilx^feSigSaatCggffcT- SZiltCioT, G a A s /<-7>MilcD/1> KcD^iti^ 

l9tf-©gfiS(D;*CSvM nx Gai-x P/GaAs S:<g^S. M**^Aofe#^a)^S^«)x:^^;i/^f:-^ 

*HBT«:Si«1-S3^i:S:B«Ii:t-<S. 40 -fbd Ec li, J!JtT©J:e>lCfai*T?SS (fcilAlS, Y. H 

[0 0 10] *«W®fl&©ie5rti. I nx Gai-x P/ irayama et al., J. Appl. Phys. 74 (1993) 570S:# 

h«EE®/jNS V MKS*®*® H B T t), m^y^D^AX* ♦ [0015] 

dEc =ac (AQ/Q) (4) 

:1Z.X, ac ttfia»!©(!«3B^JK7^>2/'V;i/ (deformatio JKQli. 
n potential ) "CfeS. M»»C<fc««^(Oggfb^A ft/JS 

AQ/n=2 (I-C12/C11) • (ao /a-1) ••• (5) 

C12, ciiJi5i(4*3eR (elastic (5) SrStCUT, S»*i«Aofe I nG a PfCjSttSe 

stiffness constant) . ao it^<m=f^. attx yf^x*;i/:^-gefb«#«?)e>*vS. ttSOSB^xS: 

t^*:¥S/-^;i/S®«meBre**. ^ (4) jSirJ^ so j^r^Inx Gai-x Pizm-i>±S&/^9:^-^ii^ 
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- KHJ (Vegard' s law) JCfi^oT. I n P i:G a P<DJi 
[0 0 16] I.Z.X\ GaAslCjlJUT I nx Gai-x 

pcDjffljax-o. 4 8Tifrf«i^"r«*^ m^swsm 

®J:e){Cl nx Gai-x P ®*&7^fc()^G a A s 

©I ni!flfiatb*^x = 0. 5 50D*i^, InxGai-xP 

i:GaAsi:iil6?«S6*r, 

lJ^Aa/a = + 0. 4 8%"e«)S. I nG 

a p^c^iffilSf£;:^*W^Tv^So ±faa)^ (4) fejco^ lo 

(5) ^CJ:Stt1S*^e>. M^A^JfcVM nGaPJC^ftS 
UglCJt^T, ^P^x;^;i/^-;(^«5 3. 5meV± 

#-r-&:::i:*^*>s. i nGaPcwsSU^iaz^efbti, 

GaAsJC<S^^LTV>S^J:>;, 7 7meVJSiJ? 

3 8. 5meVCDiS^T*S. mm. fit 

ra«fcx = 0. 5 3®#^, C»^x*;i/:^? 
-lillU5lg9meV^^<«:S, *fex = 0. 5 3tC 
;fett«Aa/a = + 0. 3 3%T'*6. x$ 20 

**^e>'<->^fcaAa*iSS^x*;i/^-*<:^S < 

[0 0 17] ifc, :i<Z)J:e)»ci ni!flfiRitS:J:y:A:^< 

^'y*G>m«Bi4*^:!*:§<l^Lhi-«. injOa 
l-x PfCfettSI n»i^x€::^S<U ffll^*S:3»A 

®x*;i/^-;Figi^^:^^<«iy. 

[0 0 18] H^tCLT, «#^4|3«®J:e)»CI nx 30 
Gai-x P(Dm-^mi)\ GaAs©*S^F4eKiy=t/jN 
nMR8Jtx = 0. 4 4-ettAa/ 
a = - 0 . 3 3 &m!m>x.^J\^^-^3mii 1 3 
meV/jN$<*S. x = 0. 4 2T*(iAa/a = -0. 
4 8%T% ^*^(DX*;i/^-:i;iliggtt 1 6me V/h3 
<«;S. mSf£-'eEi|#i4Jcfc»tS:t7-fe«y N 

[0 0 19] ikK. K*^5|B«®J:-5JC, 

n<mtsmmm^i^x o~o. igs*«s*bv>. fc 40 

fcjtJi. ilH^JCLTO. 1©I nS:»5fiDbfep-I n 
0.1 Gao.9 A s^— ::^.M±K:, n-Inx Gai-x P 
x*«y^tSS:fifcSLfc#^lCj3VNTti, InxGai-x 
P®Jlflfi!tx = 0. 5 8T'*&^H!l^-rS. r©tg(©In 
0.1 Gao.9 A s<iDlS'?lSSSCa = 0. 5694nmT, 
3KS!l^Eg=l. 27 8eVT«>S. InxGai-x 
Px$>y^rM<0^fr?^aA^I no.l Gao.g As<0*fr?- 
^J:y%/jN$v>#^. fei:;itfInjffifiKx = 0. 5 1 
<Z>©^, I nx Gai-x Pill no.i Gao.9 Asfctt 
*&?e^-r3|5fi^Aa/a=-0. 5 2%-e*S. 3^ 50 
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<Dt.^. Inx Gai-x P^C^i§lo®»Jf£::^J*^V^TV^ 

laiiiiB^fC (4) ^ (5) ^\z^i>mm>:r. 

*;i/:^-®TIS|0. «J:t^I nx Gai-x POymmm 

T, ■eaj^x*;i/:^-^ie^^ 2 1 m e v<6T-rs r 

i:*^fim3tt«o *feIn«afiRx = 0. 5 3T-fiAa/ 
a = -0, 3 8%T'I nx Gai-x P»Ctt§lo5g»JfS* 
■^!R^xiK;i/^-::Rg«l5ttl 5meV®T-t 

»C I n $:m&^bTV^S(D^?, itmici: »J«^Ufcl5{i® 

[0 0 2 0] H^IC, GaAsSfifCMLT, InGa 
As'<-:x»liflEI(ifS**Wv%Tv>«*«, x^yiJrSi: 
UT, 9logByjS:*««ia< I nx Gai-x P® (I n<0 

^(omti^mLU -^xyNoo-euA^sns. tie* 

<©I nGaAs'<-:;cS&MV%fe'>xA®^-yi±, 2>f 

-xmmzMLx. $miziz^fj:mmt.f£^x\f^r=. 

i)\ *5SWtcj:*iJi. 4>f>f^'?iAic;fevxT=fo»3%tc 

B T^mi&C!)llS?BSfbi3 J:af H B TCDWmtiMmt 

[0 0 2 1] f^mmtG&PXXtl. 1 (W/ 

cm-K), InPT'liO. 7 (W/cm-K)-Cfe 
UAcj&^oT, nGaPtCjt/^T, * 

«w®j:-ifc I ncDjaait Lfea^i-cti, mm 
mi}^i<i^<. mim''Smx^^<Dx. m^itt^Aw 

[0 0 2 2] lt#^5IBl®©'<-;^tCl n«:^ 

Lfe©^^Cfe^^T, x$<y^f®I n<Difflfiitx?:«&^^ 

X®I nx Gai-x As©I n®jfflfiKx = 0. 1® 
x$-/^K^I nx Gai-x POiifij^x^O. 5 8 
XK-7.<Dlno,i Gao.9 A s il^^^^-fSZLiltt 
gEtCizE'^/cA^, I nx Gai-x P«>«§fiax = 0. 6 57? 
Aa/a=+0. 5 l%i:«:»J, ffiiaS**'! nx Ga 

l-x Ptc®<::i:fc«:s. ^mm^^ &<Dm^^m\^ 

5l<i:, (4) ^J. (5) ^*^g>e5»^x*;i/^iJ-^ 

^tt2 4meVliiDf H^tCl no.esG ao.37P 
ttl no.l Gao.9 Ask:ML/TAa/a= + 0. 3 6 
'B«Rf®x*;i/:^-^Ri«gtt 1 6 m e vmst 
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' Z-OMS^l nx Gai-x Px* *v4fA^e> I nx Ga 
1-x A s K-:xfcaASn«m^<Dx::^;udif-*^:^# < 

aasf T mizt^o 

[0 0 2 3] *58^®I nCaP/GaAsJPiHBTtC 
j3V^T, I nG a ^V^fSlCffr^^^fe^gA-TSZ: 
t J: «>^f<?)ffilH4F^ttH 8 JC:g^f J: ^ JSE'!?' ^ 'J 

I nGa P/GaAs^^?sHBT^Cfc^^T=bS ilCfe 10 

fC-frJ: I nG a PX5 ^V^fSfCH^fe^A-rSZltlCj: 

[0 0 2 41 m2iz:^^izj;:i>^y 9 vyif^mtm 

[0 0 2 5) z:o<ke»tc, *i§wcj:nii. fi«Ht«:ro] 

±31*:SZ:il*^T*SSi:ra^lCl nx Gai-x P©MRfc 30 
SS*fb*^lli:«:So Lfc*^oTHBT$:mv>feaaS 

[0 0 2 6] *felnx Gai-x POm^x^mi^ 

[0027J 

[196091 HHi, *lfiW®-ia6«JC««GaAs/< 40 
->«>®S:*-fSx$«vir h'v:^npnMHBTCDWitB@ 
TfeS. il^ifS^G a A s ^2 1 izmk. n+ ^G a 
A sal/if iCiyfi' hM2 2. n^GaAsHl/^'^i 
®2 3, p+ ^GaAs<^-^Ji2 4, nSlno.44G 
ao.56P3:^»V*S2 5, n^GaAsS2 6, nSl 
ny G ai_y A sM2 7. n+ I no.5 G ao,5 A s 
x$y^rn>4ri^hS2 9*W«Bti:«:oTV^S. i 
i-rfctitlS. n+ a!GaAs3l/^*3>*i'hS2 
2tt500nin, S itSSBX 1 0l8cm-3, nSGa 
As=lU^$M6 0 0nnu S iJSSES X 1 Ol^c SO 
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m-3, p+ SGaAs'<->?.S24tt5 0nm. Bejg 
S5X 1 0l9cm-3, nSl no.44Gao.56P^' 'V^* 
S2 5tt3 0nm, S iJgSl X 1 0l8cm-3, nMG 
aAs 2 6(j:3 0nm, S iSSl X 1 Ol8cm-3, n 
MI ny Gai-y As®2 7«50nm, SitSSSX 

1 Ol9cm~3, nMl no.5 G ao.5 A s x^ »y ^ 3> 
ifi' hS2 9li5 0nm, S iiSS3 X 1 Ol9cm-3-r' 

HlTti, x«»y^r®ffi3 ItLTTi/Pt/ 
AuS:n+ SI no. 5 Gao.5 A sX.S.^v^rny^i' h 
m2 8<D±iZ. ^-^^SffiilLTPt/Ti/Pt/A 
uSp+ SGaAs/<->?.S24G)±^ -aX/if^W^ 
i:LTAuGe/Ni/Ti/AuS:n+ ^GaAsn 
l/^'tf hS2 2®±tC-e*l-e*l«®Ufe«)iS: 

[0 0 2 81 HUC^bitHBTSrSSg-rStCttt-f, 
MEMOCVD^ MBE^ CBE^g (Oienical Bea 
D Epitaxy ^ , ALE& (Atomic Layer Epitaxy 
^ , &'S>V^(jl«4LEj£ (Molecular Layer Epitaxy 
iSS) ^S:«V%-r, m2\Z^-riit\Z. GaAsS«2 1 
±tC, GaAsJi22, 23, 24, InGaPJi2 
5, GaAs®26, InGaAs®2 7, 2 8 i&J^^R 
f2>o mtiCBEj^T-fifc^R-rS^, 3X1 
0-3pa^C33V^T, S^iaKS 2 0"CT% TEG (hU 
x^^l/^U-^A) tAsHa ir}Vi/y) «:^AbGa 
AsM2 2, 2 3, 2 4$:fiK:SU . TEG, TM I n 

(hU^f-^Wi/i^'t'A) i:PH3 (7*;^.7'f» T* 
InGaPS25, StJ^TEGi: A s H3 T*G a A sM 

2 6S:l!R«U Si^fCTEG, TM I n i:A s H3 T' I 
nGaAs®2 7, 2 8 SrH— ^■V>>''«-tf T'it^e^tC 
fiS;S-rn«J:V\ AsHs ©*^fcy{CTBA 

•J- • ^Z^;!/ • 7JVi/> ( (C4 Hg ) A s H2 ) ) ?: 
M»'^Tt>J:<, PHs <Z>A>*3»;»CTBP (4t-i/^U- 

• y*7.y^y ( (C4 Hg ) PH2 ) ) f^m 

v^T=fe>J:v^. pS!© K-A*> h i: UTttfcilAti, TM 
G (Ky:/-?^;!/;!/^?^) -^HftOB e y-:7>?:ffitNn 
«J:V%. nMC0K-A>htL,TttH(«:^X (Sn) , 
SiH4 (^yi/5», Si2H6 (i;i/5» , T 
E S n ( h «J X^;i/>?.X) , ^5V^^iD E S e (S^X^ 
;H2l/» , DETe (i;x^;i/^;wi/) ^$:flav^*v« 
J:v\ *feCBEiS6fc«v^SV-;^5!/::^«:^a»AU 
iN^«^^±©3^SI^Mi5f5S:«v^4^^^MLE^^i:;5! 
<&, fei:A»i^iaS3 5 0X;~4 5 01C, E*6X1 
0-4pafCfeVATTEGS:4|$®A, 3!j3>S^g^ A 

s Hs & 2 ofj^A, ^<m3Ws^sm(DitS7.mx i 

i^;i/T'G a A s 1 4)^S*^fiR;BT'SS®T% M L E 
muz J: ntSH 2 <9«» K7 X Att^HF-S#fi®«S«:« b 

[00291 fklZ±m\ZJi^j i/^- 2/ 3 >mt lyX U 
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&fflVxTi/U3>BMblKS::i:«y3">m InGaAs 
M28, 27, GaAsS26, ^J:rXlnGaP92 
5 $:R I EffifeS^^^iECR-f:^•>xvv^^^t^CJ:♦; p+ 
GaAsK-7.®24®±SiJJCn I no.44G ao.56P^ 

«T-/<->^«ffii:x^«v^tfiis«)4^l8l;5);Sil*S. \: 

x»y^>^rs®«a^fittxl^B^<D«fi!t^lSHfesv^^^ 

gS^f;i^^<J:v^, z:z:T'l4±«:x^y^>y#®i:LTK 
9>fx»y^>y«:fflV^feA^, "^x'V hXvy^^ii'CD*-^ 
*>BriBT?*S. «^V^T/<-^«ffiP t /T i /P t /A 
u S^^xA^mcjSliPU iE-©l67* h Ui^T. h ^fSi^ 

5 0T:gS®«W!aS:J6U /<-:7.m®l3 2©STS 
©Pt S:n I no.44Gao.56P^^'V^®2 5i:i5fE:tfc 
t5c3-&p+ SGaAs®2 4*T'^^tfef-t$-&Sri:JC 
<fc»J, p+ S!GaAs^->^.S2 4i:(DSgCft«^«:^ 

Tv>s. Hii4«^a<re*y, '<-x«ffi»3 2AW- 

Sfeft, ®K^B^»CjJ<U>f ^ K^ffliga)yl/d<Uv- 
mo^mtMm (3 s ox:) tT^mmizimLx^ 

tCJ}<U>f^K«fli3 4€:J^«-r*. »CtCCF4 /O2 & 

Mv^fcR I E?*^{c<}:y u um\H(DK-7.mms 2± 

0*tC/J<U -f ^ Kfiffli 3 4 «:JS-r J: -5 tC^ffiOsKU >f ^ 
K«fi§3 4S:X.y5^>ir-fs. •t<3!)«n+ SG a A s n 
Ui'^n^^Ji' h»2 2S:'>x'y hxy^^^tCjcoT 
»ffi$-&AuGe/Ni/Ti/Au5:j!Kiffit, /t^r- 
->yu $ejlC3 7 0TCigSG^ift«!SllCj:»JTa>f S: 

«S2/U=i>SKblSS:BS^«J. Ti/Pt/Au«:S^ 
x5«yi?mS3 1 SrJ^fia-rs. ^©XgTttx^ 

j^sn, x$»y*!^®/Maifb*^iiT. -mmm 

mzmi^tcMMnrji^o tti^ p+ MGaAs/<-:^S 

2 4<D*^*)*JlCp+ nx Gai-x AsK^T^M^m 
V^T%^J:^^. i«)^P+ SI no.l Gao.9 As*^ 

fiire*>s. I nGaAs'<-:;ii:-ts:^i:'C, jtSfci 



(6) I^Bffqt 8-24 1 89 6 
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max *^|flLh-f So 

[0 0 3 0] I nx Gai-x PttI nj!fi«x = 0. 4 8 
T'G a A s /^-^^.M 2 4 t<&ir^1-S*^, *5§W®|| 
im-Q\t!m.-)^ = 0.44 T'feSfctfy|S^«^A a / 
a=-0. 3 3%'C$»S. L/fcA^oT I no.44Gao.56 
PX5«y*Jg2 5^C^i5lo!By^S:**«flB^^TV^«. SUSil 
m^E g\tm^hX^^^ I no.48G ao.52P<^^ 

10 \zit\^xmm't^-h\ ^ (4) , ^ (5) *^^lm3n 
sj:e»icfe5»^x:*.;i/:^?-Am^f mm. z.<m 

#a)^U§l#J:»J, I no.44Gao.56P3:$^y4»»2 5 

tGaAs^-:;tM24 }i<r>^(D^m^^^)\^^-^ 

jg^ttl 3meV8g^i>-rS, Z:©fc«)HBT®^-« 
ffii|tffi<7);t7-fe»y h«ff*^U HBTtZHB?^®* 

[0 0 3 1] @3lC3.CDJ:e)fCUTf^Lfe*56^0S 

1 (JD^^^tC'fii^s H B i:o>$mmf^^-nsm^^^ 

-to imt LTifefeMtC J:SG a A s IC^»C*&^4I^ 
20 bfel nGaPx^«yiJMS:i#oHBT<©i!^ti*)*>-& 

yD»yhUT&2>. 3l/^^tJfmSSmSJc =5x 1 0'* 
A/cid2 . g&^}aK2 0 OTClCfeV>T, mifilii^l 0 

*f LT, X5 »y ^SO«&^^AVjN$ < i:t^i>!r (CM 
30 TTFttl^fS. *&^^*Aa/a*n%$:M;tS 
*&^^5Re^A^:*:S-r^, iKSfiX^oapgT'X^^y^f 
StC«5teA^l5TL*V\ SPoTMTTFttfiT-re. 
|&^^Aa/a = 0. 5%ja«|-eiiMTTFttl 07 h 
gST-feUs tJa$<!D*&?«f&UfeHBTK:mSMTT 

FOl o^&Rj:«>fii*^e>nfc. 

[0 0 3 21 HSJi, *«W©^2©||J6«IC^^S I n 
GaAs/^->tMS:^*t'Sx5>yiJr h^y^npn^HB 
T(Dl^fS®T«>y, x^>y^fM(DlS^-^5:'<-:^Mc^ 
fe^^J:y:*:$<Lfe#^T'*)S. miHiGaAs 
40 3^2HCJK2)C, n+ S!GaAs3l/i'*n>^fi^ hS 
22, nSGaAs3Ui'5tji2 3, p+^InGaA 
s/<-:^®24, n^I no.esGaO.SSP^:^ >ytJ»®2 
5, nMGaAs926, nMl ny Gai-y AsM2 
7, n+ SI no.5 Gao.5 Asx^»y^t3>4ri' 

2 9*W«jiii«:oTV^&. r^T-fefc^Ji n+ S! 
GaAs3l/i'^3>-?i'h®2 2tt5 0 0nm, Si 
tSSex 1 Ol8cm-3. nSGaAsnU'i'^fSeOO 
nm, S itSffiSXl Ol6cm-3, p+Slno.lGa 
0.9 As'<->tjg2 4tt5 0nm, BeiggSXlOia 

50 cm-3, nSl no.65Gao.35AsX^<y^A2 51^3 
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Onm, SiJSSlXl Ol8cm-3, n^GaAs2 6 
ttaOnm, S iJgS3X 1 Ol9cin-3, n^I ny G 
ai-y AsS2 7«5 0nin, S itSSS X 1 Ol9cm 
-3. n+S!lno.5 Gao.5 AsX^'V^tni/dt^rhji 
2 9tt5 0nm. S iJ8S3 X 1 Ol9cm-3T&S, 
[0 0 3 3] E5Ji®l i:ro^fcx^')/^f®S3 l iiL 
•rTi/Pt/AuS:n+ MI no.5 Gao.5 Asx^ 

Ti/Pt/AuSp+ Ml no.l Gao.9 As^—IX. 

i/Au?:n+ MGaAsuU^^tni'^fiy hM2 2(D 

OCVD& MBE& CBE& ALE& feSV^li 
MLE^&^VxT, H2tCa^1-J:-ilC, GaAs^ 
21±(C, GaAsM22. 23, InGaAsM2 
4> InGaPjg25, GaAsA26, InGaAs 

jg 2 7 , 2 8 ^m^bx. *i§^<DB 1 <Dmmt.tm 

[0 0 3 4] I nx Gai-x PttI no.l GaO.9 As 
t.f(mx. = 0. 5 8T*frf«^1-«C!)"T?. x = 0. 6 5 

T't4*S^^?F^ A a / a = 0 . 5 1 %T'$)S, Z.<Dt^ 

^, I no.58Gao.42P^^*VifS«)®^lCitU ^ 
^WSE gC![)«iW>S:#«LT 2 4 me VSWCiSW^x 
:^;i/=¥-^^^^:*:t < bfc*^oT I no.esG a 
«y4rM2 5*^6> I no.l G ao.9 A s 

[0 0 3 51 a6lCZ:«>J:e)fCLTf^bfe*^(^ 

LTtSas^ytC J:SG a A s lC^tC««^Ufc I 
nG a PX5 4rJiS:«poHBT«>4#l4*>*t>-ttT:^L 

T**SMTTFS:lfrT^*Aa/alC*fLT, -^Uyh 
LXSb^, ^-y^m(mj^iZMLX. x*.yiJrM<^ 

^*Aa/a*«l%€:SSASi:, Ifr^-JPSg^^^^^^t 

iK^fi®@|ii-ex5«yiJrSlC«g{4A^l3TL* 
V\ iPoTMTTFttffiT-rs, HUi'^JmStKiBSJc 
= 5X1 04 A/cm2 , g^^iaS2 0 OXJT?, MTT 

[0 0 3 61 J&fe. nGaPX^-y^fS/G 
aA s/<-:xS^>*V^^iI n G a PX5 i^S/ 1 nG 
aAs/<-;«.S»CG)*JifflStv€>©-ett35:<, x^y* 
StLTInGaP, XlilnGaAsP, ^-yt^Mt. 
LTGaAs^&V^l^I nGaAs &M<r^«^SfiiS»^ 



(7) fl^ggsp 8-241896 
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te13:»CfflV>T=bJ:<, 3e>K:x^ «y4r®i;l^T I n P, 
^-^mt. bT I n G a A s «:fflV^€)#^JCt,ilffiT*S 
6. 
[003 7] 

[^©iftmi *«^OS[:*3Slf2«C)5§W(Cj:ntS. 
I nGaPX^•i/^tS/GaAs'<-:xSfe^>V^^iI n 
Ga Px^»y4tS/I nG a A s '<-X®^^-rDg^ 
•&S:«•rSHBT^Cfc^^T, I nx Gai-x P<DI n® 

10 Hi^ica4*ri;icj:y, iimicj:S:^emSiffiS:l^$ 

[0 0 3 8] *5M8®lt#]®lfa«G)«WlCj:tV 
»«i£3fe®Inx Gai_x P/Ga As^?!®HBTlCi3V% 

x\m^^(mi^M I n(^)^lafi!^x^i^|^o^tL*^*p 

*^T?gS©T? I nx Gai-xP/GaAs»HBT(0l8 

[003 9] 2 gE*g®?§WlC intS, I 

nGaPx^'yi}?S/GaAs'<-:^®fe-5V%ttI nG 
20 aPx^^y^t^/l nGaAs'^-y^MSr^l-SHBT 
^CfeV^T, I nx Gai-x P©I nOJffl^xfe, I nx 
G a i-x PCD*&^'-^S5c*W-7>M®<&^-^«fc x^ «y 
^fS<3D*S^-^AVjN$ < J: e>i&m^(C«gHW«)x© 

[0040] *«w®it#« 3 mi,(mmK^tni. i 

nGaPx^»;4(Ji/GaAs^-:;^Jg (feS^r^^iIn 
30 GaAs'<-7>®) S:%•t■5HBT{C^3V^T. I nx G 
ai-x PfCdSt-tSI n^xS, I nx Gai-x PCD*S 

»f3t<Z)«eHl^<Z>fiifca)fe-r S :i ifiX^i><DX. x » »; 

^?iAx*;i/:^ir-S::*;$<-rs::i:*<-r'^S. 

[0BOtS8#?5:|5iW] 

[01] :4!:^®mi(?DllSil0!I(iDHBT<DI9foi«l»g$:^ 
40 f H. 

[02] *«w®lll®lQfi09^cfflv^sxtf^l^p^/^;^ 

w 3 1 1 0mmm<D h b Tomss-mE^ 
[041 :*m^<mi<Dmmiznii^m^^tm' 

[05] 3is:$|%(!^2C:>|ieS0!ICOHBT(Z}fi^$:^-ri9T 
MS. 

[06] 3»:^<Z)^2CD|gii0!I®HBTa>lSffl)2mi$& 

50 tag3K0!}^it«3SUii-rd0. 



(8) 



4$8fl^ 8-24 1 8 9 6 



10 

lo 




14 




^ D 


v^THT/n B A 0 E3 

n^Lr a /\ s w 






n ^ 1 ny a j—y /\ s v v 'T y ns 




9 ft 


ail "0^5 ^ *0.5 ASi^v>-i.>'v<y r 




M 

m 




on 

isye 


Q 1 






Q 9 




21 m^GaAsSS 


33 




2 2 n+ SGaAsal/ir^rn>^ti^ hS 


34 




2 3 nMGaAsnU^^W 


3 5 




2 4 p+ ^GaAs^->tS 


10 4 5 


nlSl no.65Gao.35P^^*y*M 


2 5 nSI no.44Gao.56P^^*V*M 






[01] 




[02] 



31 



34 




L 32 






























28' 
27- 
26- 
25- 
24' 
23 ~ 
22 ~ 

21-^ 



[03] 




u 

f 

P 



[04] 



aB -1 

iM/m(X> 



M 



as 1 



(10) 



8-24 189 6 



[@8] 




.23 



